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thin-film semiconductor layer 3 which is formed on a p-type 
silicon substrate 1 

via an insulating film 2. A diode diffusion region 8, a 
resistance diffusion 

region 9 and an FET diffusion region 12 are formed inside 
the silicon substrate 

1. The input part of the inverter circuit 4 is connected 
to a signal input 

terminal S via the resistance diffusion region 9. A 
power- supply input 

terminal VC is connected to a grounding terminal G via the 
reverse direction of 

a diode D formed of the diode diffusion region 8. When a 
surge is applied to 

the signal input terminal S, a parasitic diode DD which is 
formed of the diode 

D or of the resistance diffusion region 9 and of the 
silicon substrate 1 causes 

an avalanche breakdown so as to bypass a surge current. It 
is possible to 

enhance the static electricity-resistant amount of the 
inverter circuit 4 . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to semiconductor integrated circuit equipment equipped with the composition 
which protects an integrated circuit from the surge input impressed to the signal input terminal of the integrated circuit which 
has SOI structure. 
[0002] 

[Description of the Prior Art] In the semiconductor integrated circuit which formed the integrated circuit in semiconductor 
substrates such as silicon, there are some which prepared and constituted the input-protection circuit which becomes the input 
portion of a circuit from diode, resistance, or a transistor as composition which prevents the integrated-circuit section from an 
electrostatic discharge corresponding to the surge input from the outside etc. However, in the thing of SOI structure which 
prepared the integrated circuit in the thin-film-semiconductor layer formed in the silicon substrate through the insulator layer 
even if it formed diode into the thin-film-semiconductor layer as above input-protection circuits, since the cross section of a ' 
current path was small, current capacity was restricted greatly and there was fault which cannot enlarge the electrostatic 
tolerance dose. 

[0003] Then, that such fault should be solved, by the former, although shown in JP,4-345064,A, the composition which does 
not form a protection network into a thin-film-semiconductor layer, but forms in the silicon substrate under an insulating 
layer, and secures current capacity is considered [ like ], for example. Thereby, when a surge is impressed to a signal input 
terminal, a high current can be passed through the protection network in a silicon substrate, and the electrostatic tolerance 
dose can be raised greatly. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although the protection network formed in the silicon substrate can 
perform protection operation to the surge input which is impressed between a signal input terminal and a grand terminal 
(reference supply input terminal) in the case of the thing of composition conventionally [ above ] As opposed to the surge 
impressed between a power supply input terminal (positive power supply input terminal) and a signal input terminal It was 
what there is a possibility of a surge being impressed to an integrated-circuit side and resulting in an electrostatic discharge 
since the composition which protects this does not exist, and cannot aim at improvement in the electrostatic tolerance dose to 
various surges. 

[0005] this invention was made in view of the above-mentioned situation, and the purpose is in offering the semiconductor 
integrated circuit equipment which enabled it to aim at improvement in the electrostatic tolerance dose to the surge impressed 
to the thin-film-semiconductor layer formed through an insulator layer on a semiconductor substrate between a 
DC-power-supply input terminal and a signal input terminal in the integrated circuit of SOI structure which prepares an 
integrated circuit. 
[0006] 

[Means for Solving the Problem] this invention is aimed at the semiconductor integrated circuit equipment which comes to 
form an integrated circuit in the thin-film-semiconductor layer prepared through the insulator layer on the semiconductor 
substrate which has the 1st conducted type of current. The resistance diffusion field formed in the aforementioned 
semiconductor substrate by diffusing the impurity which has the 2nd different conducted type from the conducted type of the 
above 1st of current of current so that it might connect electrically between the signal input part of the aforementioned 
integrated circuit, and a signal input terminal, It has the feature at the place which prepared and constituted the diode diffusion 
held formed in the aforementioned semiconductor substrate by diffusing the impurity which has the conducted type of the 
above 2nd of current so that it might connect with an opposite direction electrically between the DC-power-supply input 
terminals of the couple of the aforementioned integrated circuit (claim 1). 

[0007] Moreover, it is desirable to form the aforementioned resistance diffusion field and the aforementioned diode diffusion 
field in an adjoining position (claim 2). 

[0008] Furthermore, the FET diffusion field formed in the aforementioned semiconductor substrate by diffusing the impurity 
which has the 2nd conductivity of the above, The gate terminal formed so that it might straddle among those diffusion fields 
where an insulator layer is minded between the FET diffusion fields and the aforementioned resistance diffusion fields which 
were formed in the aforementioned semiconductor substrate is prepared. While connecting electrically the aforementioned 
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resistance diffusion field and the aforementioned gate terminal to the aforementioned signal input terminal It is desirable by 
connecting the aforementioned FET diffusion field to another side of the aforementioned DC-power-supply input terminal 
electrically to form MOSFET for input protections between the aforementioned signal input terminal and the 
DC-power-supply input terminal of aforementioned another side (claim 3). 
[0009] 

[Function and Effect(s) of the Invention] When a surge input is impressed between a signal input terminal and a positive 
DC-power-supply input terminal according to semiconductor integrated circuit equipment according to claim 1 When the 
level of the surge input to a signal input terminal is negative While the voltage of the forward direction is impressed between a 
resistance diffusion field and a semiconductor substrate, the big voltage of the opposite direction equivalent to the level of a 
surge input comes to be impressed between a semiconductor substrate and a diode diffusion field. By this, the diode formed 
between a semiconductor substrate and a diode diffusion field starts avalanche breakdown, and comes to pass current. By this, 
current can flow toward a signal input terminal from a positive DC-power-supply input terminal, a surge input can be 
absorbed, and the electrostatic discharge of an integrated circuit can be prevented now, 

[0010] moreover, when a surge input is impressed between a signal input terminal and a positive DC-power-supply input 
terminal and the level of the surge input to a signal input terminal is positive While the voltage of the forward direction is 
impressed between a semiconductor substrate and a diode diffusion field, the big voltage of the opposite direction equivalent 
to the level of a surge input comes to be impressed between a diffused-resistor field and a semiconductor substrate. By this, 
the parasitism diode formed between a diffused-resistor field and a semiconductor substrate starts avalanche breakdown, and 
comes to pass current. By this, current can flow toward a positive DC-power-supply input terminal from a signal input 
terminal, a surge input can be absorbed, and the electrostatic tolerance dose of an integrated circuit can be raised now. 
[001 1] Since it is in the position where the resistance diffusion field formed in the semiconductor substrate and a diode 
diffusion field adjoin according to semiconductor integrated circuit equipment according to claim 2, the current which flows 
when one of diffusion fields starts avalanche breakdown as mentioned above can be passed now through the short path inside 
a semiconductor substrate, a surge input can be absorbed efficiently, and the electrostatic tolerance dose can be raised more. 
[0012] When a surge input is impressed between a signal input terminal and the DC-power-supply input terminal of grand 
level according to semiconductor integrated circuit equipment according to claim 3 Since the by-pass of the current 
corresponding to the level of a surge input can be carried out now through MOSFET Even when the surge input impressed to 
a signal input terminal has occurred in between [ which / of the DC-power-supply terminal of a couple ], the by-pass of this 
can be carried out and the electrostatic tolerance dose of an integrated circuit can be raised 
[0013] 

[Example] It explains referring to a drawing hereafter about one example at the time of applying this invention to CMOS-IC 
of SOI structure using the silicon substrate. In drawing 2 shown with the plan of the state except drawing 1 and the electrode 
which show the whole typical cross section, mostly, the insulator layer 2 which consists of a silicon oxide etc. crosses to the 
whole surface, and is formed in the front face of the silicon substrate 1 of low high impurity concentration of p form which is 
a semiconductor substrate, and the thin-film-semiconductor layer 3 is formed in the upper part. 

[0014] The CMOS inverter circuit 4 is formed in the thin-film-semiconductor layer 3 as a signal input part of an integrated 
circuit. The inverter circuit 4 consists of p channel type MOSFET5 and n channel type MOSFET6. It considers as 
composition with the gates 5a and 6a formed in each MOSFETs 5 and 6 through the source, drain, and gate oxide film which 
were formed in the thin-film-semiconductor layer 3. The window part 7 is formed in the position which adjoins an inverter 
circuit 4 at the insulator layer 2, and the diode diffusion field 8 which diffused and formed the impurity of n form by high 
concentration is formed in the silicon substrate 1 of the portion. And Diode D is constituted by the pn junction of this diode 
diffusion field 8 of n form and silicon substrate 1 of p form. 

[0015] Moreover, the resistance diffusion field 9 which diffused and formed the impurity of n form in the silicon-substrate 1 
interior by high concentration is formed in the position contiguous to the diode diffusion field 8, and window parts 10 and 1 1 
are formed in the insulator layer 2 of the both ends of the resistance diffusion field 9. And the resistance diffusion field 9 is 
constituted as resistance R which has predetermined resistance by the field formed among these window parts 10 and 1 1 at a 
longitudinal direction. 

[0016] Furthermore, the FET diffusion field 12 which diffused and formed the impurity of n form by high concentration is 
formed in the silicon-substrate 1 interior of the position contiguous to the resistance diffusion field 9. The gate 13 is formed 
on insulator layer 2a currently formed in the front face between this FET diffusion field 12 and the resistance diffusion field 9 
and the MOS form field-effect transistor (MOSFET) Tr of n channels is constituted by these. In addition, the contact diffusion 
field 14 which diffused and formed the impurity of p form by high concentration in the silicon substrate 1 is formed in the 
position contiguous to the FET diffusion field 12. 

[0017] The insulator layer 15 for protection is formed in the whole surface except the predetermined part, an electrode 16 is 
formed in the upper part formed as mentioned above by the vacuum evaporationo of aluminum etc. after that, and it is made 
to connect each part to it electrically. In this case, the diode diffusion field 8 is connected to electrode 16b of the source of 
MOSFET6 of an inverter circuit 4 while electrode 16a connects with an external power through the positive DC-power-supplv 
input terminal VC. 

[0018] Electrode 16c formed in the side which adjoins the diode diffusion field 8 of the resistance diffusion field 9 is 
connected common to the gate of MOSFETs 5 and 6 which are the input sections of an inverter circuit 4, and 16d of 
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electrodes formed in the another side side of the resistance diffusion field 9 is connected to the signal input terminal S which 
carries out to the electrode formed in the gate 13 of Transistor Tr in common, and is drawn outside. Moreover electrode 16e 
formed in the FET diffusion field 12 is used as the electrode formed in the contact diffusion field 14 in common, and is 
connected and grounded to the grand terminal G which are other DC-power-supply input terminals. 

[0019] In addition, in the above-mentioned composition, if a reverse voltage is impressed more than predetermined as for the 
diode D which consists of a diode diffusion field 8 and a silicon substrate 1, pn junction will start avalanche breakdown and a 
reverse current flows. Moreover, if the pn junction by which the resistance diffusion field 9 is formed between silicon 
substrates 1 functions as parasitism diode DD and the reverse voltage more than predetermined is impressed like **** also in 
this parasitism diode DD, pn junction will start avalanche breakdown and a reverse current will flow. 
[0020] Drawing 3 is what showed the above-mentioned composition with the electric equal circuit, the inverter circuit 4 is 
connected between the DC-power-supply input terminal VC and the grand terminal G, and the signal input terminal S is 
connected to the gate which is the input section of an inverter circuit 4 through Resistance R. And Diode D is connected to the 
opposite direction between the DC-power-supply input terminal VC and the grand terminal G, and it is in the state where 
Transistor Tr was connected, between the signal input terminal S and the grand terminal G. 

[0021] Next, an operation of this example is explained also with reference to drawing 4 or drawing 7 First the case where 
the surge which serves as negative to the power supply input terminal VC at the signal input terminal S is impressed is 
described. In this case, on the equal circuit shown in drawing 5 , there is no path by which a surge current is absorbed and it 
will be impressed by the inverter circuit 4 side. However, by impressing large voltage to the diode D between the diode 
diffusion field 8 and a silicon substrate 1 in this case, and starting avalanche breakdown, the current path from a silicon 
substrate 1 to an input terminal S side through the parasitism diode DD (a drawing 4 destructive line shows) formed in 
resistance diffusion field 9 portion is formed, and the by-pass of the surge current comes to be carried out 
[0022] Therefore, as the white arrow K in drawing shows, a surge current reaches [ from the power supply input terminal VC 
] the resistance diffusion field 9 through the diode diffusion field 8 and a silicon substrate 1, and comes to flow in the path 
which leads to the signal input terminal S from there. It can prevent now that carry out the by-pass of the surge current and an 
overvoltage is impressed to the input section of an inverter circuit 4 by this. 

[0023] Next, the case where a surge higher than the direct current voltage of the power supply input terminal VC is impressed 
to the signal input terminal S is described. In this case, on the equal circuit shown in drawing 7 , there is no path by which a 
surge current is absorbed like ***♦, and it will be impressed by the inverter circuit 4 side. However, if a reverse voltage will 
be impressed to the parasitism diode DD (a drawing 6 destructive line shows) formed between the resistance diffusion field 9 
and a silicon substrate 1 and the reverse voltage becomes more than predetermined voltage while resulting [ from the signal 
input terminal S ] in an inverter circuit 4 through the resistance diffusion field 9 in this case, the parasitism diode DD will 
come to start avalanche breakdown. 

[0024] Therefore, as the white arrow M in drawing shows, a surge current reaches [ from an input terminal S ] the diode 
diffusion field 8 through the inside of the resistance diffusion field 9 and a silicon substrate 1, and comes to flow in the path 
which leads to the power supply input terminal VC from there. It can prevent that carry out the by-pass of the surge current 
and an overvoltage is impressed to the input section of an inverter circuit 4 by this. 

[0025] Moreover, to the surge impressed between the signal input terminal S and the grand terminal G, when the MOS form 
tield-effect transistor Tr turns on, the by-pass of the surge current can be carried out. 

[0026] Since it considered as the composition which forms the diode diffusion field 8, the resistance diffusion field 9 and the 
FET diffusion field 12 in a silicon substrate 1 according to such this example As the surge impressed between the signal input 
tei-minal S and the DC-power-supply input terminal VC is received, it sets it to be a gap and avalanche breakdown is started 
the by-pass of the surge current can be carried out. The by-pass of this can be carried out now also to the surge impressed ' 
between an input terminal S and the grand terminal G, it can prevent that the inverter circuit 4 which is an integrated circuit of 
SOI structure starts an electrostatic discharge, and improvement in an input protection can be aimed at. 
[0027] this invention is not limited only to the above-mentioned example, and can be transformed and extended as follows It 
is applicable not only to the inverter circuit 4 but the integrated circuit of other SOI structures, such as CPUs such as a 
microcomputer, and DSP. The polarity of each element can apply similarly except for a bird clapper to the semiconductor 
integrated circuit of the SOI structure of the composition using the silicon substrate of n form on the contrary. 



[Translation done.] 
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